We report that entirely end-bonded multi-walled carbon nanotubes (MWNTs) within Tomonaga-Luttinger liquid (TLL) states at high temperatures can show superconductivity with the transition temperature T c as high as 12K that is approximately 40-times larger than those in ropes of single-walled nanotubes. We find that emergence of this superconductivity is very sensitive to junction structures of Au electrode/MWNTs. This indicates that MWNTs with optimal numbers of electrically activated shells can allow the superconductivity that overcomes the TLL sates, due to intershell effects.
shows a plane transmission electron microscope (TEM) image of the array shown in (a). MWNTs are clearly visible in many pores. In upper inst, a high-resolution cross-sectional TEM image of a MWNT is shown. Structures of this MWNT is similar to those in conventional MWNTs. It also includes no Fe/Co catalyst, which tends to destroy Cooper pairs, in the entire region. The lower inset shows a result of resonance Raman measurements of the MWNTs. Only a large peak is observed significantly around 1600 cm -1 (the so-called G-band). This strongly indicates that the MWNTs have high quality without defects. Absence of ferromagnetic catalyst and defects in the MWNTs with high quality are very different from those in our previous studies [11] - [13] .
We prepared three-different types of Au electrode/MWNTs junctions using this MWNT [15] in order to investigate importance of end-bonding and reveal influence of intershell effects on superconductivity and TLLs; i.e., (1) Entire Au-end junctions ( Fig.1(a) ), (2) Partial Au-end junctions ( Fig.1(b) ), and (3) Au-bulk junctions ( Fig.1(c) ). For (1) , it was already proven that this method could allow making contact of Au electrode to all the shells of MWNTs in refs. [11] - [13] (red lines in Fig.1(a) ), resulting in the entire end-bonding. In contrast, for (2), only partial shells could have contacts to Au ( Fig.1(b) ). For (3), only the outermost shell could have contact to the Au electrode in this junction as reported in previous studies [5] [19] (Fig.1(c) ). Each structure was confirmed by high-resolution cross-sectional TEM observations. Fig.2(a) ). These values for onset T c and T c (R = 0) are at least approximately 25-and 40-times, respectively, higher than those reported in SWNT ropes [3] . On the contrary, in the partially end-bonded sample, only a small R 0 drop (i.e., a sign of superconductivity) was observable below T~3.5K without a R 0 decrease down to 0 Ω at T = 1.5K (main panel and lower inset of Fig.2(b) ). Observation of the resistance peak and gap indicated that the temperature region between 10 K and 3.5 K in Fig.2(b) could be considered as a competition region between the power laws (a TLL state) and the R 0 drop (a superconductive phase). No R 0 drop was observable in measured entire temperatures in the Au-bulk junction sample (Lower inset of Fig. 2(a) ). Figure 3 shows the dependence of the resistance gaps and critical current (I c ) on temperature. A small and broad resistance peak due to TLL state (discussed later in this letter) exists at T = 12K. This peak disappears suddenly and a resistance peak appears T = 11.5K. The gap depth and width monotonically increase as the temperature decreases, corresponding to Fig.2(a) . The value of superconducting gap Δ ≈ 1.15 meV observed at T = 8K in this sample is in excellent agreement with the Bardeen-Cooper-Schrieffer (BCS) relation Δ = 1.76kT c , when T c (R=0) = 7.8K is used. Moreover, the I c behavior in normalized temperatures is also in excellent agreement with the Ginzburg-Landau (GL) critical current behavior for a homogeneous order parameter, I c ∝ [1-(T/T c ) 2 ] 3/2 (inset) [17] . These suggest that the observed superconductivity is strongly associated with the BCS type. Figure 4 shows the dependence of the resistance gaps and R 0 on magnetic field (H). The drastic increase of R 0 from zero fields with a field increase differs greatly from that in SWNT ropes [4] . This low critical field implies that the observed superconductivity is either type-I or type-II without defects for pinning of the magnetic fluxes penetrating the MWNTs. Alternatively, this indicates the presence of 
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Nanoscience and Technology Fig.1(a) ). The number noted on each curve is the magnetic field in Tesla, which was applied perpendicular to the tube axis. Insets: R 0 vs. magnetic field relationships strong electron-acoustic phonon coupling, as reported by Ando et al. [18] , since a huge magnetoresistance was predicted to have appeared even under small magnetic fields in CNs with strong electron-acoustic phonon coupling. Such coupling can cause superconductivity with high T c One of the origins for the superconductivity observed here is the effective transport of Cooper pairs through the highly transparent interface of the Au-end junctions as proven in refs. [11] - [13] . However, the observation of the power law behaviors for the different junction types (insets of Fig.2 ) reveals presence of an essential mechanism for this, which is strongly associated with competition between superconductive phase and TLL states as mentioned in introduction.
The exponent α of the power laws in TLLs is extremely sensitive to the junction conditions between electrodes and CNs. Ref. [1] reported a power α for tunneling from an Au electrode to the bulk (α bulk = ∼ 0.3) and to the end (α end = ∼ 0.7) of the MWNTs within the large channel-number TLL state as well as α end-bulk and α end-end between two CNs. The exponent α = ∼ 0.7, ∼ 0.8, and ∼ 0.3 estimated from the power laws shown in the insets of Fig.2 (a), (b) , and Fig.2(c) respectively, are in good agreement with α end and α bulk . This result proves the actual presence of Au-end and Au-bulk junctions in the systems, as shown in Fig.1(a)-(c) , as well as the presence of TLLs in these MWNTs. In addition, the resistance of the sample for Fig.1(b) was approximately ten-times larger than that for Fig.1(a) as shown in Fig.2(a) and (b) as well as those at a room temperature. This means a poor Au/MNTs junction in Fig.1(b) -sample and supports the presence of Fig.1 junctions.
Only the TLL was observed without superconductivity in all the temperatures in the Au-bulk junction sample (Fig.2(c) ). This is consistent with refs. [5] [20] , which reported that only the (second) outermost shell ( Fig.1(c) ) became electrical active in the Au-bulk junction and exhibited TLLs in MWNTs. Most of junctions fabricated in MWNT-FETs in previous reports also correspond to this. Since this junction showed no superconductivity, this result means that single shell within the TLL state cannot take a transition to superconductive phase [6] . In contrast, it should be noted that the TLL abruptly disappeared and the superconductive phase simultaneously emerged at high T c =12K with a temperature decrease in the entire Au-end junction sample (upper insets of Fig.2(a) ), whereas the transition from the TLL state to the superconductive phase was gradual resulting in the low T c in the partial Au-end junction sample (upper inset of Fig.2(b) ). The entire end-bonding of a MWNT could make contact to all the shells and, thus, makes the entire shells to be electrically active. In the partial Au-end junctions, only partial shells that could be end-bonded to Au, are electrically active. Therefore, these significant differences in correlations of the TLL with the present superconductivity for the number of electrical active shells strongly indicate that intershell effects of the MWNTs play the key role for the emergence of high-T c superconductivity with competing to the TLLs.
In fact, the intershell effects in MWNTs have been discussed for the TLLs in refs.
[1] [19] . Egger [19] predicted that the TLL in MWNTs was sensitive to the number of shells (N) of the MWNT, resulting in Fermi liquid behaviors as N increased. The N=9 shown in the upper inset of Fig.1(d) is within the upper limit for this TLL theory. In contrast, no previous study predicted a superconducting transition in MWNTs within the TLL states to the best of our knowledge. However, it was also predicted that the theory [19] was applicable also to SWNT ropes. This indicates that one can discuss correlation of superconductivity with the TLLs, replacing the N of MWNTs (i.e., intershell effects) to the number of SWNTs included in SWNT ropes (i.e., intertube effects).
The importance of the intertube effects for the appearance of superconductivity associated with TLLs has been theoretically pointed out in ropes of SWNTs [7] . Gonzales predicted that the TLLs were weakened by intertube charge coupling [16] due to prohibition of the intertube electron hopping, while an intratube short-range attractive Coulomb interaction was enhanced by the intertube Cooper-pair hopping in a temperature decrease [7] [8]. The similar mechanism will be qualitatively applicable to the present MWNTs by replacing the intertube effects to the intershell effects. Clarification of the correlation between the number of electrically active shells and T c , α is crucial in this viewpoint. The importance of interlayer effects has also been pointed out in 2D-layered superconductors, e.g., MgB 2 , graphite-related superconductors. Influence of curvature in MWNTs on σ-orbital and electron-phonon coupling and those influences on T c are expected to be revealed compared with these. Furthermore, VHSs in each single shell are superposed in a MWNT, resulting in a peak-width broadening in VHS. Correlation of this effect with T c should be clarified, because this may increase density of states around Fermi levels. Finally, application of these superconducting MWNTs to quantum computation is also strongly expected.
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